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1  | INTRODUC TION
The	 carbon	 (C)	 burial	 rate	 in	 salt	 marshes	 is	 estimated	 to	 be	
218	±	24	g	m−2 year−1,	more	than	40	times	higher	than	the	average	












tion	 can	 reverse	 these	 impacts.	 How	 this	 salinity	 change	 affects	
organic	C	decomposition	is	unclear,	as	previous	studies	comparing	
soil	decomposition	rates	along	in	situ	coastal	salinity	gradients	have	
yielded	 contrasting	 results	 (Chambers	et	 al.,	 2013;	Weston	et	 al.,	
2014).	 Craft	 (2007)	 observed	 the	 highest	 decomposition	 rates	 in	
the	most	saline	wetlands,	and	Weston,	Vile,	Neubauer,	and	Velinsky	
(2011)	 reported	 accelerated	 microbial	 organic	 matter	 mineral-
ization	 following	 saltwater	 intrusion	 into	 tidal	 fresh	water	marsh	
soils,	which	was	due	to	increased	sulfate	reduction	(Weston	et	al.,	




highlight	 the	 need	 for	 a	more	mechanistic	 understanding	 of	 how	
salinity	affects	decomposition.	In	this	study,	we	use	laboratory	ex-
periments	to	isolate	the	effect	of	salinity	on	C	decomposition	rate	






diking	 reduces	 or	 eliminates	 the	 1–2	m	 semidiurnal	 tidal	 range	 up-
stream	of	restrictions	(Steever,	Warren,	&	Niering,	1976).	As	a	result,	


































Spartina	 spp.	 and	Distichlis spicata,	 all	of	which	are	C4	plants	with	
average δ13C	value	 ranged	 from	−12‰	to	−18‰	(Curtis,	Drake,	&	
Whigham,	1989;	Redfield,	1972;	Redfield	&	Rubin,	1962).	Reduced	








collected	 from	 the	 currently	 impounded	 fresh	water	marsh	would	
increase	porewater	salinity	and	CO2	flux	and	decrease	CH4	flux	com-






Stony Brook	 salt	marsh	 (41.754354,	−70.115629;	Elevation:	1.42	m	
(NAVD88)):	Stony	Brook	is	located	in	Brewster,	Massachusetts	(MA),	
USA.	The	site	is	dominated	by	short	form	Spartina alterniflora	(over	
90%	 coverage).	 The	 water	 table	 relative	 to	 the	 sediment	 surface	
ranged	from	−20	cm	to	10	cm	inundation	in	2016.	Stony	Brook	rep-
resents	a	salt	marsh	(SM)	wetland	type.
Herring River	 estuary	 (41.96058,	 −70.05587;	 Elevation:	 0.36	m	
(NAVD88)):	The	400-ha	Herring	River	estuarine	complex	in	Wellfleet	
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(MA)	 is	 the	 largest	diked	wetland	system	on	Cape	Cod,	MA,	USA.	
Tidal	 flow	 to	most	of	 the	original	Spartina	marsh	 transitioned	 to	a	
fresh	water	 system	 following	 inlet	 closures	 in	 the	 eighteenth	 and	
nineteenth	 centuries,	 and	 the	 construction	 of	 a	 dike	 across	 the	









The	 experimental	 design	 consisted	 of	 a	 two	 by	 two	mixed	model	
treatment.	 In	 July	2015,	 four	0–20	cm	soil	 cores	 from	each	of	 the	
two	sites	were	collected	to	determine	the	general	soil	and		porewater	






In	November	2015,	eight	 intact	 soil	 cores	were	collected	 from	































docks	 in	Woods	Hole,	MA	 and	 then	 filtered	 it	 using	 25	mm	GF/F	






sured	 at	 0.5,1,	 3,	 5,	 7,	 9,	 11,	 14,	 19,	 23,	 30	days.	After	 30	days	of	






















(1)F= (dc∕dt)× (1∕V0)× (P∕P0)× (T0∕T)× (V∕S)
TA B L E  1  General	marsh	sediments	and	porewater	properties	by	
wetland	types
Variables Layers fresh water marsh Salt marsh
Bulk	density	
(g/cm3)
0–10	cm 0.15b ± 0.01 0.42a ± 0.01
10–20	cm 0.21b ± 0.01 0.46a ± 0.01
SOM	(%) 0–10	cm 97.4a	±	0.94 39.8b ± 1.18
10–20	cm 72.2a	±	4.05 37.9b	±	4.47
Salinity	(ppt) 0.1b ± 0.1 26.8a ± 0.9






significant	 difference	 among	 treatments	 (One-way	 ANOVA:	 p	<	0.05),	
while	shared	same	letters	indicate	no	significant	difference.
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MathWorks,	Natick,	MA,	USA).	The	gas	concentrations	and	δ13C	val-
ues	 of	 CO2	 and	CH4	 flux	were	measured	 using	 a	 Picarro	G-2201i 
gas	analyzer	(Picarro	Inc.	Santa	Clara,	CA)	for	both	the	flooded	and	
drained	treatments	 in	 the	fourth	and	fifth	week,	 respectively.	The	
CH4	and	CO2 stable	carbon	 isotope	values	 (expressed	as	 iCH4 and 


















































blocked	during	 the	drained	 incubation,	 so	water	 samples	were	not	
collected.	 Porewater	 pH	 (using	 a	 Spectrum	 FieldScout	 SoilStik	 pH	
meter,	Spectrum	Inc.	Aurora,	IL),	redox	(using	a	Spectrum	FieldScout	
SoilStik	electrode	meter,	Spectrum	Inc.	Aurora,	IL),	and	salinity	(using	
a	 refractometer)	were	measured.	 The	 porewater	was	 then	 filtered	
through	a	47	mm	GF/F	filter.	Once	filtered,	dissolved	organic	carbon	




As	our	experiment	used	a	 two	by	 two	 random	design,	with	each	
treatment	 replicated	 four	 times,	 we	 used	 ANOVA	 (Analysis	 of	
Variance)	 to	 assess	 differences	 in	 the	 initial	 soil	 and	 porewater	
properties	between	 the	 two	marshes	 (Table	1).	After	 incubation,	
(2)Datacorrected=Slope×Datameasured+Offset













TA B L E  2  Sediment	carbon	and	nitrogen	concentration	and	isotope	signature	after	incubation
Soil layers Treatments Soil C (%) δ13C (‰) Soil N (%) C/N
Top FM	+	FW 45.40a	±	0.46 −26.45a	±	0.03 3.33a ± 0.08 13.66	±	0.31
Top FM	+	SW 38.88ab	±	1.13 −26.98a ± 0.21 2.69b ± 0.12 14.52	±	0.35
Top SM	+	FW 20.55c	±	1.54 −16.63b	±	0.14 1.48c ± 0.09 13.91	±	0.45
Top SM	+	SW 18.45c	±	0.83 −16.18b	±	0.17 1.30c	±	0.07 14.18	±	0.31
Bottom FM	+	FW 30.08a	±	4.18 −15.15	±	0.36 1.99a	±	0.23 14.93a	±	0.69
Bottom FM	+	SW 30.08a	±	1.56 −16.03	±	0.68 2.00a	±	0.13 15.10a	±	0.51
Bottom SM	+	FW 18.60b	±	2.48 −18.10	±	1.04 1.38b	±	0.16 13.38b	±	0.35
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the	 soil	 C	 and	 N	 parameters	 were	 again	 analyzed	 with	 ANOVA	
(Table	 2),	 followed	 by	 a	 least	 significant	 difference	 (LSD)	 multi-
comparison.	 Before	 ANOVA	 analysis,	 the	 homogeneity	 of	 vari-
ances	was	checked	with	Levene's	test,	due	to	the	inhomogeneity	
of	variation	in	soil	Redox,	non-parametric	analysis	was	conducted.	
Linear	 mixed	 effects	 models	 (LMMs,	 nmle	 package	 in	 R	 3.2.5,	
Pinheiro,	 Bates,	 DebRoy,	 Sarkar,	 and	 R-Core-Team,	 (2016))	 were	
used	to	examine	the	effects	of	 treatments	on	CO2	and	CH4	flux,	
with	source	of	marsh	soil	(i.e.,	from	the	salt	marsh	or	fresh	water	
marsh),	 water	 category	 (i.e.,	 fresh	 water	 or	 sea	 water),	 source	
marsh*water	category	 interaction,	and	 inundation	treatment	 (i.e.,	
flooded	or	drained)	the	fixed	effects,	and	replicates	and	sampling	
time	 grouped	 within	 replicates	 the	 random	 effects.	 In	 the	 CH4 
flux	 analysis,	 marsh	 sediment	 provenance,	 water	 treatment,	 and	
their	interaction	were	fixed	effects,	while	replicates	and	sampling	
time	within	 replicates	were	 random	effects.	For	soil	water	DOC,	











3.1 | Soil and water properties
Based	on	additional	cores	collected	at	each	site,	salt	marsh	soil	had	
2–3	times	higher	soil	bulk	density	(BD)	than	the	fresh	water	marsh	







spectively.	 Porewater	 pH	was	 higher	 in	 the	 salt	marsh	 than	 fresh	
water	 marsh,	 while	 the	 redox	 potential	 was	 reversed,	 with	 lower	
redox	 in	 the	 salt	marsh	 than	 the	 fresh	water	marsh.	 The	 addition	






tration	 (38.9%–45.4%,	 Table	 2)	 compared	 to	 the	 salt	 marsh	 sed-
iments	 (SM,	Fisher's	 LSD:	p	<	0.05).	 The	high	FM	%C	 results	 from	
plant	 organic	 matter	 dominating	 surface	 soils.	 Soil	 %C	 decreased	
with	soil	depth	in	FM	(Table	2),	reaching	30%	in	the	bottom	section	
(35–40	cm).	However,	the	SM	soil	C%	did	not	decrease	with	depth.	










C/N	 ratio	 than	 SM	 (12.7–13.4).	 The	 δ13C	 ranged	 from	 −27.0‰	 to	
−26.5‰	in	the	surface	soil	of	FM,	but	was	much	higher	in	SM	soils	
and	 FM	bottom	 soils	 (ranging	 from	−15.5‰	 to	 −18.1	‰,	 Table	 2,	
Fisher's	LSD:	p	<	0.05).
3.2 | Soil porewater properties and gas emissions
Porewater	 collected	 from	 salt	marsh	 sediments	 had	 a	 significantly	
higher	 pH	 (Sediments	 effect:	p	<	0.05)	 than	 the	 fresh	water	marsh	
cores,	and	the	addition	of	either	fresh	water	or	sea	water	did	not	alter	
this	 pattern.	 Sea	water	 addition	 decreased	 the	 pH	 in	 the	 FM+SW	
treatment	compared	to	the	FM	+	FW	reference	(Figure	1a).	Porewater	
redox	 varied	 significantly	 between	 the	 two	marsh	 sediments,	with	
no	 effect	 from	 either	 water	 salinity	 or	 inundation	 level,	 with	 salt	
marsh	porewater	Rh	lower	than	in	the	fresh	water	marsh	(p	<	0.05,	
Figure	1b).	Both	marsh	sediment	source	and	the	salinity	of	the	water	




























a	 small	 decrease	 continued	 after	 this	 time.	 Overall,	 the	 sediment	



































The δ13C	of	the	CO2 flux	was	used	to	find	the	proportion	of	CO2 
flux	 derived	 from	 respiration	 of	 either	 C3	 or	 C4	 plant	material	 in	









The	drained	sea	water	 treatment	had	 the	greatest	amount	of	CO2 
flux	 from	 the	 deeper	 soil	 organic	matter	 (41.3	±	8.6%,	 Table	 3).	 A	





soil	 organic	matter,	 total	 C,	 and	 total	N	 content	 than	 fresh	water	
F I G U R E  3  The	mean	CO2	flux	was	calculated	from	all	flux	



































4.2 | CO2 and CH4 gas flux
The	addition	of	sea	water	to	fresh	water	marsh	sediments	(FM	+	SW)	
increased	organic	matter	 respiration	 and	CO2	 flux,	 confirming	our	
first	 hypothesis.	 This	 result	 is	 consistent	 with	 other	 studies	 that	
found	 increased	microbial	decomposition	rates	after	salinity	 intru-
sion	in	fresh	water	wetlands	(Craft,	2007;	Weston	et	al.,	2006,	2011).	




reduction	 also	 blocked	methanogenesis.	 In	 this	 experiment,	 some	
measurements	resulted	in	lower	methane	emission	in	the	FM	+	SW	
treatment	compared	to	the	FM	+	FW	treatment.	These	results	gen-











In	 contrast,	 the	 addition	 of	 fresh	 water	 to	 salt	 marsh	 sedi-
ments	 had	 no	 effect	 on	 CO2	 flux,	 CH4	 flux,	 or	 porewater	 DOC	
concentrations	over	the	course	of	the	experiment.	This	result	is	in-
consistent	with	our	hypothesis	and	with	 the	 results	 from	a	similar	
laboratory	 experiment	 by	 Chambers	 et	 al.	 (2013),	 who	 observed	
SOC	loss	increased	in	salt	marsh	sediments	after	pulsed	fresh	water	
additions.	However,	this	is	likely	an	artifact	of	our	experimental	de-








concentrations,	 sulfate	 reduction	 remains	 the	 dominant	 pathway	
of	 organic	matter	 oxidation	 in	 the	 salt	marsh	 sediment	 cores,	 and	
furthermore	inhibits	CH4	flux.	The	results	are	in	general	agreement	
with	Poffenbarger	et	al.	(2011),	since	partial	reduction	in	salinity	to	




The	control	of	water	 level	on	soil	 respiration	 rates	 is	well	doc-
umented	 in	 fresh	 water	 wetlands	 (Dehedin,	 Maazouzi,	 Puijalon,	
Marmonier,	 &	 Piscart,	 2013;	 Laiho,	 2006).	 However,	 few	 studies	
have	investigated	how	changes	in	salinity	and	inundation	levels	im-
pact	coastal	wetland	CO2	flux	(Chambers	et	al.,	2013).	We	found	that	
inundation	treatment,	 that	 is,	 flooded	or	drained,	had	a	more	pro-
nounced	effect	on	the	CO2	flux	than	changes	in	salinity.	As	stated	
above,	adding	sea	water	to	fresh	water	cores	increased	CO2	flux	by	
50%–80%	 in	 either	 flooded	 or	 drained	 treatments,	while	 draining	













documented	 in	 agriculture	 and	 grassland	 ecosystems	 (Paterson,	
Inundation conditions Treatments CO2 from deeper C
CO2 from 
surface C
Flooded FM	+	FW 23.6	±	3.0% 76.4	±	3.0%
Flooded FM	+	SW −7.0	±	18.3% 107.0	±	18.3%
Drained FM	+	FW 28.4	±	8.2% 71.6	±	8.2%
Drained FM	+	SW 41.3	±	8.6% 58.7	±	23.3%
Note.	FM:	fresh	water	marsh;	FW:	fresh	water;	SM:	salt	marsh;	SW:	sea	water.














completely	 flooded	conditions.	However,	 there	are	 some	method-
ological	issues	in	using	this	approach	to	investigate	the	CO2	sources	
in	 wetland	 soils	 under	 flooded	 conditions.	 If	 CH4	 production	 and	
associated	CO2	 production	 from	 the	anaerobic	oxidation	of	meth-









observed	 in	 FM	+	SW	 treatments.	 However,	 in	 the	 drained	 treat-
ment	in	this	study,	the	CO2	flux	was	much	greater	than	the	flooded	
condition,	 so	we	predict	 that	most	 of	 the	 increased	CO2	 flux	was	
from	increased	aerobic	oxidation	processes,	with	different	enzyme	
processes	 having	 similar	 isotope	 fractionation	 factors	 (Fernandez,	
Mahieu,	&	Cadisch,	2003;	Paterson	et	al.,	2009).	Therefore,	the	dif-





















inundation	 had	 a	 greater	 impact	 on	 the	 soil	 microbial	 community	





4.3 | Implications for salt marsh restoration
This	study	suggests	that	restoration	of	tidal	flow	that	raises	the	water	
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